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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an ohmic 
electrode which has a low contact resistance value and 
hardly generates peeling from a semiconductor layer, an 
n-type electrode and a nitride compound semiconductor 
light emitting element, and to provide a manufacturing 
method thereof. 

SOLUTION: The ohmic electrode is formed on an n-type 
nitride compound semiconductor layer surface, the side 
in contact with an n-type nitride compound 
semiconductor layer consists of a layer wherein Hf and 
Al are mixed, the Hf concentration in a layer in a 
region within a thickness of 10 nm above from the 
surface of the n-type nitride compound semiconductor 
layer is 0.001% or more and 50% or less, and the Al 
concentration is 50% or more and 99.999% or less. It is 
preferable that the n-type electrode comprises the 
ohmic electrode and a pad electrode formed on the ohmic 
electrode, and the nitride compound semiconductor light 
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^ff^^t. ^<7)±tlG aN;^-^^;^/^^'; n<h I nGa 
N ^ ^ #pre TIS^ ^ tifc^mwl^^P<0^±m 4 
7 ^:mmf^f&'t^o §^itm4 KO^IiZapmA l G aN 
i!)-h^^^pm^'7 y Vm4 SiMf&^^o pM^^ yK 
^4 8<7)±tc(ipSG aN;0>^^-i)pM=? h@4 

9^5KjS;-t^o pffln hg4 9oRaji(iii:$ 1 

0 nmOP d)l:*-«bi>5> pS:t-^ y^^ffiS 1 0 

^^i-:hZt{zX ±IBP dili:pS=:?>^^h@49 
tO>g^^<t®iS=&1-^o pM^-^ y^mUS 1 0±U 
US 3 0 0 nm<7)A uJS;6-<b^^p< y ^fflT^feU® 1 3 
Sr^«Ft^J:«9?FM-r^o ;^ y ^fflTAfeSffi 1 3 ±(cl?S 

1 0 0 ;^mON i :d^h^j:^^Wm^mm 1 4 =JrS«^ y 

[0 0 7 4] ^«4 1 im^-r^fzibiz. i^wm 
1 4Mt'y:r,/\(7)mW^^\^'^ hn^y y ^;^-e 
'7 y^hWKhBm^5 : 2 : 2(7)it'Ca^L7^c 
^y-^^iTiStzj: ^«4 1 ^?#;6>LTI^*L. y'^y 
yrm4 2 60SW«:Sm?'^-?)o J:.P^bn>'9'yi5'X 

[0 0 7 5] ^X(^> mi OOXd iZ/<y y rm 4 2 (Dm 
ffillJf S 5 nmOH f Jl. IPS 2 0 0 nmCOA 1 li^rDl 
t::|lirL. ^^+r*5 0 0'CT-3^WT-- V 

^-^ y ^mg4 4 ^W^JSL^f^o /<V7r 
14 2 ^ y ^mi&4 4 <hcO#®#Sr-{iH f ^ A 

1 7&^^?IS »)'^oTi5 IQ. y -7 7)14 2:6^ ib±:^OiJS 
1 0 nmJ^Jl|*I<7)«i*tCi3tt>5>5J-- < y i5^^ffi4 4S4'0 
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H f col:{i*^7 5%-C% A 1 0*:(i*^j9 5%T-ab^Ci:7&^^ 

[0 0 7 6] y>i v^^'dJ: J) 3 0 0// m^O 

*^S(C:»^SiJi-^o lliS0iJ4T-(i. pM;^-^ y^SM 

3 1 0 ^ LTP d ^fflv^TtiT^^ pgO:t-^ y^Sffit 

[0 0 7 7] s %mm4X{t. ^nm^mm 1 4 1 
\^x^'mm^ y ^\zi^'tmiimLfzi)K mw^<r>iy 

[0 0 7 8] tfz^ ||ift01J 4 T*(if§jfcil 4 7 G a N:;^* 
h^^^^^')Tmt I nG a N^^t-eJ^^^P^-eWlSStL 

fz^ A 1 G a I nN. G aNA s^G a N P J5r fc^ttjtO 

4 7cS /::(i3 7C$B^<h LT^) J: v^o 

[0 0 7 9] 4/::. ^iffeF!l4-e(iS i i)^h^£^^W.4 1 

[0 0 8 0] * nS!Mfl:^.^.ft:^?^#«#^^ 4 3 (i 

5 i V-y''(DG aNt Lfzi)^. S i K-:7'<7)I nGaN 

[0 0 8 1 ] y^mU4 4 It. 7<yyrm 

4 2±tlH f S^ff^^tr^^^i^^OiHA imin^^f&L 

/^y yrm4 2±UA I m^^^l^Zf^.^LX-^^h^ 
<D±{ZH f SSrff^^LTfc J:v^o 

[0 0 8 2] (njsM 5 ) n 1 1 i±^mm 5 <omim^ 
it^^^^mi^ ^ - ^^-om^Kj ^ »f ® a -e* ^ o 

50 [0 0 8 3] Ell 1 tCiSV^T. 5 4lt:^-< y ^m^U. 
Slitm^. 5 2li^^yyrm. dSltnMMit^^^it 
-^^^m^m. 1 5(inM^^ y ^l»lh^. 16(inM 
^^yVm. 1 7 itnm^:^^^ Vm. 5 7it^^m. 1 
S(,tpm^^')Tyuy^m. 1 9iipM:?fe:^W KS. 

5 SfipS^^^ y KB. 5 9 (i pM^^ > ^ ^ hS. 41 
0{ipffi:t-^ y ^m®. 2 0(iif«#:M'e*'l>o 

[0 0 8 4] y.T> :$:|&?g<7):t~^ y mfe^fflv^TtiM 

[0 0 8 5] t-f. nMG aN;&-(b^^^^£5 1 ±tcJl 
40 S 1 0 0 nmOf&i^G a N ^ -5) ^ < ^y -7 5 2 

JSci^^o -^t^^ ^C0±tCl¥S 3 ;c/m<7)nMG aN:6^ib^ 

[0 0 8 6] ^v^r. US 4 0 nmO I no.o7G ao.93 
N;0-ib^^ nM^^ y ^Klhll 5 ^ff^^f ^v>r 
]¥S0. 8 ;u mCOA 1 0. 1 G ao.9N7)^^b^^ nM^ ^ y 

KSl 6*ffML. SJv^TJPSO. l^mOGaN:^^ib 

S 4 nmOG a No. 97 Po. 03#p® <h )¥ S 8 nmOG a 
No.99Po.oiKM@<h:^>ib«^Stt^ffe7t^ 5 7 ^ffM 
50 L;^Jo 
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[0 0 8 7] '^k^Z^ l¥^2 0 nmOA 1 o. 2 G ao. 8 Nt^^ 
e^r-i) pM^^ 'J ryn y^®18.l?^0. 1^^ mO 
G?il^i)-h^j:^pmitif^ Vmi 9^ W^O. 5 mO 
A lo.i G ao.9N:!5^*b^^ pM^^ ^ YM S B ^ ^XfW 
^0. 1 /imOGaN:6^'b^^pM3>:5'^ h«5 9S: 

[0 0 8 8] ±j!E"e(i. G aN*«OC® lO 0 0 ll 

cm(r>mz. A® 11 1 - 2 Ot . RM 11-10 

2 t . MS 1 1 - 1 0 0 I ifzit 1 1 - 1 0 1 1 ffi^ffl 

v^T^>J:v^o St'c. ±fa®:^fi;6-'b2*mrtO:^-"7AS 

/to 

[0 0 8 9] ±i£Et:'(iG a N e> ^ ^« 5 1 ^iSffl L 

SiE«^ - Ko^tftf bo ^ (i ^ ^ y vmx.y)i, m^n 

L<. A 1 GaN»«*fflv>^07!>--<ffS-e*^o 
[0 0 9 0] Mv^T. Mfb4^.^.fb^t7*##:l^--^f*^- 

[0091] 5 4 (i. 5 1 O^BIffl 

7^-^. 1?^ 5 nmOH f SS:. -eof^. )?§ 2 0 0 nm 

OA i^^^^L. >k\z^ ^^^^-es 0 orT-s^j-par 

[0092] :t-^y^ 5 4 t 5 1 Oft® t O 
#®#i5T-(iH f tA l^^?ir»)^ori5»). *«5 1 
c7)SB7^-£b±::^<7))l^ 1 0 nma\H(DmM.'(: Cr>:t- < y 
^mffiS 4e4>tiib^tt-i>H f 04(i*tJ3%-C% A 1 Ofi 

[0 0 9 3] pM:t-^ yi:^i;®4 1 o(i. mitm^m 
if^m^^<D< 1-10 0 >:^[^(i?&oTy; h -^-r yt^tiji 

COV y v:^ h ^>f T'S&R s (i. X h^>f yittl7&5 2/zin 
tc^^ J: 9 tC>f^«$tLfCo t<r>^k. S i027!>-^^^if 
Sff|R20^^«t. pMn>^^ M15 9*Sai$ 

4 1 0 ^ LTii^tfetc. pdii. F tm^xr/Aumim 

{zmMLfzi><D^ F dm±I^ZAum^M^Ltzi^(Dttz 

(iN im±i<zAum^m^Lfzi>(r>:fy^m^^hftxi>mt^ 

[0 0 9 4] ^f^tl. £«5 1 co--§S®«:flJfflLT. 

flfZo 

[0 0 9 5] v'rru • ^n-*tgg<7)^ 7-»®;5^ff^ 

i 02i:T i 02O^m#^^^£tc3g*L. 

[0 0 9 6] ^JSt^IJSO:^--^ y i^SffiS 4<7)fMt^* 
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S5 4 7&^ffM^tlT«>«:b:tv^o 

[0097] tfz. y 4 ^« 5 1 O 

«®±tlH im^fi^f&LX:^-h^(0±i^ZA 1 ^^rff^^L 
fw:^!^ nMGaN^^gco«®±HA lS«:^tlff^)3£LT 

[0 0 9 8] mmm e) m 2 ii. nmm e <nm.im 
10 ^.it^^fi^^^mi^§titm'f'<oi'^wkm^m^x<Dm^^^ 

[0 0 9 9] H 1 2 ioiLKgl 1 3 iZ^\^^X. 6 1 (i^ 

i^m. eiit^itm. e sitpm^y y vm. 6 9 tip 

Mn^^^^h^, 5 1 0 (ipM^- ^ y ^Utt. 113 

y^mrmm^. 1 1 4(ii^#ffl^^g> e 4(i:^ 

[0 10 0] tJiT. ^mmeomimmit'^^^mi^^ 

20 ytmj'<^i'^mxmimmizum'r;ho 

[0 10 1] t-r. (HI 2 0i:^ti. S i:^-'^^^*^ 
6 l±li. A 1 l^:^-h^j:^y<yyrm6 2. S i K-*7' 
G a NTJv^b n M^fb^^^fb^iKr^^ft^e 6 3 iJfm 
L. •^C0±tZGaN;^-tb^^/^VT)li: I nGaN7)^<b 

Sff^^i-^o l&7tS6 7 0±(I(ipfflA 1 G aNT^-^b^ 
^pM^^ y KS6 8 Sr?^ffii->5>o pM^^*yKB68 
0_htifipMGaN;^^'b^'2>pan>^^ Vme 9iM 
JSl-T^o pm^y9^ Ml 6 9 0SB±CI. 5 0 n 
iO mOP d«;6^*b^r-i) pM:t-^ y iJ^UffiS 1 0 

^ztizx^^ pM^y^ ^ hme 9 t<D^^it^mi: 

i-^o pM^-< 7 ^SffiS 1 0±U. 3 0 0 nm 
(0AuS:^^^=t'5>> y ^fflT^tmffil 1 3 ^rHirtcJ: 
ffM^-^o ^ y^fflT^bSSl 1 3±U. 10 0// 
mON i :^-h^^^^m^mm l l 4 y^iiZX 

[0 10 2] >kiZ^ 1 ^m^-t^fzibiZ^ 

1 I 4mt y jL/^cDmWirJ^l^^ h n > v y ^ ;^ 

40 T-av^ y ym,tmm,tnm'k 5 : 2 : 2<7)it'm^L 

'y7T)B6 2<7)^®SrK/ii$-iir^o jlU^ h^>U y ^ 

y.i±r^ h y^(DmmmMxm^'r^o 

[0 10 3] ^X^Z^ Vy^^ y^y^'-i^l^zX /s y 7 r 

ii 6 2 nmmit^^^it^^^m^m e 3 

[0104] ^Xti. [1 1 3 O d n mmit^^^it^^ 
#«#:^6 3 0*®tl. H f ^^A ie<h^[5iB#(lffM 
L/::> 3 0 0 nmO^-^ y^W^Ue 4 ^^^^^-C 

50 5 0 ovxs^mr^-') y^-t^ztiiZX^jtmL 
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fzo t-^ -y ^mM6 4 X'ii. H f t A 1 tAm^''0^ 

-H<r>W-^ 1 0 nmJJ.I*I<0^^lCj3tt-5.5t-- = -y ^-^ge 
4)Btt><iOH f Oft(ift>5%T-, A 1 Og(±ftj9 5%-e*) 

10 10 51 Sf^tZ. ^'•'f ■>>i'*i-i 0 3 0 0// mAO 

5 1 0 t LTP d 'S:fflv»fc75^ pS^O^J-- $ y ^^^ffi t 

[0 10 6] ttz. ^is^j6-e(±. ^wm^m,m 1 1 s 

i: LT*m»J« y ^t-J: •) N i ifmLfcA'. ^ISttO 
tw-e*ttlf, fOJ;T^*t#T-4 J: <. 

[0107] tfz. 6 6 7 ?r G a N*^ 

ib^-E.^^"'; r^t I n G a nt)^ <b ^ 

fz. AlGaInN, GaNAs^GaNP^ t'i£M(0 

4 7C f 7t l± 3 TCjip^ t L T ^> J: v>c, 

[0 10 8] tfz. mmmex'lis i ^^^ib'^^^ise 1 

^rfflv^/i*^ j:. y^>^-(Z J; #l,ic|^*t: § ^*«•r• 
S^ t^^f t-^-^^^ft: ff^ ^ST' ^« T' * it (f J: 

[0109] 4 fc. nMSfbt^^fk-^i^^Sft:^ 6 3 (i 

5 i K--/(75G aNt L/i*^ SiK-7'OInGaN 

^irm^'Xi, x^^o 

[Olio] ±itL/::-r'<T03f:||?g{ci3v>-C<i, nM 
mit'ii^mt^m^mi^m<0^»(i InxGayAli-x-v 
N (OSx^l. O^y^l. x + y^l) Xmt> $ 

[0 111] ±iEL/c3f:|feWOnSgfk!Bjmffc'&®4i# 
#B#iST-H f t A 1 <7)^:^AJrSr*)-&c.Tv^ttlf$f, 
[0 112] i7t, :*:|&W<0:t-5 y ^'^ffili, fciix. 

!±ii^ tf - A mmii^<r>m^:i-h-^^<r>^m ifzuzti 
h(o:)jiii:i^^^t>-^fz:fimmiizx-oxi,nmmitv!i^^ 

[0 113] tfz. r--'J >^'l±±i£c0J;dUnMa 

imimmLtzmzn^£t>it^i,iA\ ±ish f m^bjs: 

^m^^iMm-ti>^tKX^Xi,n^j:t>*t^o 
[0 114] tfz. T--U >i^l±JifB?£«*3j:0fB#Pfl 

izm.h-r. M^'Ptfzumm^m^'p^i-ii^^x. 2 0 

0~ 1 2 0 OlCOSftlgH-C, l~2 5 0^^f^^-t 
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[0 115] tiz^ H f SiJiy^A 1 SliiLHO^JSei 

[0 116] ^Mm7ji^ti^zmm(7)fmti-t^x<r).^,X' 

mmx-h-3Xmm.&3^j:i><r>X-(iyi:\.^t^x.hiVi>^^X' 

^^m<r>mm(i±^LtzsimxHi^j: < •c#i^=ig^ 

J:Z>'mmi*iX'(7)ir^X(7)^^ii^^tfii>Ztii^1tm^fi 

JO i>o 

[0 1171 

[iiM<7)fi»m:tifeegi 

[HI] nMSfbt/*fb#!^#*#§*®7)^'b±:^0 
1 0 nmmi*I<0^1ttci3tt^H f jftJK fc Strt'd i: O 

[1212] H f <7)!lS?rS IMS<7)?|1|St'-5'/6»^^|«[ 

[0 3 1 ^mm 1 ff>mmjhit^m^mw^^i^^<r> 

[n 4 ] 1 1 ;t (inife^ij 2 (ommmt^^^ 
mi^^±n=f-^~wtm.^fitz-^-< -y ^mM.m<r>m,m-ig 
w.^im'm.\^tzt^^mx$>ho 

m 5 1 1 'nmitmmt^^^m^^itm'f-^ 

50 [Hi 6 1 %m.m 2 <r>mmmt^m^miif-%itm^<r> 

[08] 3 o^jbi^^fb'^ii;**^:^*?^^* 

pM^^•-y h'M.u<^±mT!)^hM.i-zm^^^£^mmx'^^o 

m 9 ] ^Mt?!l 4 O^fb^^Mfb-^ife^^flJf&^Sg^O 

[010] ^mm 4 ^afb!^*'fb'&-t»#«#:i&*?K^^ 
40 [011] uMi^j 5 (Dmm^it^9^^m^v—^m 

[H 1 2 ] *ifet^ 6 (r)m.immt^^^m»^')tiik^ 

o\'^mM^wcmx<Dm:&^i-immmx^i>o 
[013] 6 (ommihit^^^m^^itm^ 

[??^0|5il«] 

1, 21, 31, 41, 51, 61 2 , 2 2, 

32, 42, 52, 62 /<yyrm. 3, 2 3, 3 
3, 4 3, 5 3, 6 3 naSfb%»*^b'g•!^*S^^:^^ 
50 4, 24, 34, 44, 54, 64 
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J5 

5, 2 5 ^^yh^mU. 6, 2 6 nM^fe^ 7, 2 

7, 37, 47, 57, 67 f§*S ,8,28, 3 

8, 4 8, 5 8, 6 8 pffl^^^Kl. 9, 29, 3 

9, 4 9, 5 9, 6 9 pM3>^^hS. 10, 11 
0, 2 10, 3 10, 4 10, 510pM^-^v^m 

11, 111, 211 ps^^^•7 KSffi. 12. 1 



(9) #§12003-142732 
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12, 2 12 SWifmSt. 13, 113 ^y:^fflT 
14, 114 1*itffl^Se> 15 nM^^ 
y i:^l>*lt)l. 16 nM^^7 'yKe> 17 nMit:^*^ 
K8. 18 pM^-v'Jryn y >^IS. 19 pM*:^' 
^ KS. 2 0 ifmft^BIo 
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